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NESTING SUCCESS OF THE PROTHONOTARY 
WARBLER IN THE UPPER MISSISSIPPI 
RIVER BOTTOMLANDS 

David J. Flaspohler 

Abstract. In 1993 and 1994, I studied the breeding biology and nesting success of 
Prothonotary Warblers ( Protonotaria citrea) at the margin of the species’ breeding range 
on the upper Mississippi and Black rivers in west-central Wisconsin. During the severe 
flooding of 1993, nesting success was reduced to a third of the level recorded in 1994, a 
more typical year. The rate of Brown-headed Cowbird ( Moloihrus ater ) parasitism was the 
highest (26.9%) yet reported. House Wrens {Troglodytes aedon ) were observed destroying 
only one nest, but they were suspected of having a larger role in nest failure as has been 
found in other studies (Walkinshaw 1938). Received 30 Mar. 1995, accepted 21 Sept. 1995. 


The Prothonotary Warbler (Protonotaria citrea ) is a secondary cavity 
nester that breeds in floodplain forests of the eastern U.S. Between 1966 
and 1987, it experienced regional population declines in the southern U.S. 
(James et al. 1991) and in the northern Midwest (Graber et al. 1983). It 
is listed as one of ten area-sensitive warbler species (subfamily Parulinae ) 
(Robbins 1979). Much of its floodplain forest habitat has been lost or 
degraded since presettlement times (Fredrickson 1979), and mangrove and 
riparian forests of Latin America used by the Prothonotary during the 
non-breeding season (Skutch 1989) are being rapidly destroyed or con¬ 
verted to other uses (Terborgh 1989). In the center of its breeding range 
in the southern U.S., less than 25% of the original bottomland forest 
remains (Fredrickson 1979, Harris et al. 1984). In Wisconsin, only 8% of 
presettlement floodplain forest remains in moderate to high quality con¬ 
dition (Mossman 1988). 

Population monitoring of the Prothonotary Warbler across its breeding 
range is hampered by the inaccessibility of bottomland forests. In Wis¬ 
consin, where this study was conducted, there has been only one occur¬ 
rence of a Prothonotary Warbler on all Breeding Bird Survey (BBS) 
routes from 1966 to 1991 (USFWS, unpubl. data), even though the spe¬ 
cies breeds commonly in suitable habitat (Mossman 1988). Furthermore, 
brood parasitism by the Brown-headed Cowbird (Molothrus ater ) may be 
contributing to population declines by reducing productivity. 

Several studies have examined the nesting ecology of the Prothonotary 
Warbler (Walkinshaw 1938, 1939, 1941, 1953; Petit 1986, 1989; Blem 
and Blem 1991, 1992). However, the majority of nests in these studies 
were built in artificial nest boxes. Use of artificial nest boxes may affect 
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breeding parameters such as clutch size and nesting success (Mertens 
1977), although preliminary studies do not support the hypothesis that 
nest box size affects clutch size for this species (C. Blem, pers. comm.). 
Hole nesting birds using nest boxes may also suffer artificially reduced 
rates of predation (Nilsson 1984, 1986, Moller 1989) as compared to nests 
in natural cavities. Conversely, the greater conspicuousness of nest boxes 
may increase predation rates compared to natural cavities. The diameter 
of a nest box entrance may also discourage or prevent cowbird parasitism. 
Few data exist on nesting success and brood parasitism rates for naturally 
occurring nests. The reproductive ecology of the Prothonotary Warbler 
has not been studied in detail in the upper Mississippi River region. I 
present here nest site characteristics, reproductive success, and rate of 
cowbird parasitism for Prothonotary Warblers nesting in the upper Mis¬ 
sissippi River. This study also provides some insight into the effect of 
extreme flooding on the reproductive success of Prothonotary Warblers 
in this region. 


STUDY AREA AND METHODS 

I collected nesting data at three sites along a 113-km section of the Mississippi River in 
west central Wisconsin during 1993 and 1994 (Fig. 1) (pools 5—9, elevations 664—625' asl, 
44°09'N, 91°48'W, 43°31'N, 91°14'W). In this area, the river ranges from 1.3-4.0 km wide 
with numerous forested islands 0.25 to 300 ha in size. The river is bordered by steep bluffs 
dominated by oak forest ( Quercus spp.) with patches of remnant prairie on steep south¬ 
facing slopes. Beyond the bluffs lie broad areas of agricultural land with scattered woodlots 
where there was once hardwood forest, savanna, and open prairie (Emlen et al. 1986). 
Riparian habitat occurs on islands and in strips 0.1 to 1.5 km wide on either shore of the 
river. Eastern cottonwood (Populus deltoides ) and black willow ( Salix nigra) are found on 
new alluvial deposits (Olsen and Meyer 1976). Older alluvial sites and mesic areas are 
dominated by silver maple ( Acer sacclmrinum ), green ash (Fraxinus pennsvlvanica), river 
birch ( Benda nigra), box elder ( Acer negundo), and basswood (Tilia americana). American 
elm ( Ulmus americana), once a dominant canopy species, is now represented only by sap¬ 
lings and young trees, larger trees having succumbed to Dutch Elm disease. Dominant 
understory plants include woodbine ( Parthenocissus inserta), wood-nettle ( Laportea cana¬ 
densis), jewelweed ( Impatiens capensis), violet (Viola spp.), poison ivy (Rhus radicans), 
button bush (Cephalanthus occidentalis), and grape (Vitis spp.) (Olsen and Meyer 1976). 

Information on nesting Prothonotary Warblers was also collected at two sites along the 
lower portion of the Black River, two and seven km above its confluence with the Missis¬ 
sippi River. Floodplain vegetation along the lower Black River is similar to that on the 
Mississippi River (Barnes 1991). From mid-June to the end of July 1993, both the Missis¬ 
sippi River and the Black River experienced record-breaking floods which were directly 
responsible for numerous nest failures. 

From mid-May to the end of July 1993 and 1994, I found nests by walking or canoeing 
through promising habitat and by following singing males. I recorded the location and stage 
of nesting along with characteristics of the nest and site. I returned to check each nest 
approximately every four days. I calculated nest success according to procedures in Mayfield 
(1961, 1975) and Caccamise (1977). Nest height was the distance from the ground to'the 
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bottom of the cavity opening, and only data from nests that had solid ground under them 
for some part of the nesting period were used (Table I). Ratios of the number of young 
hatched to the number of eggs laid (H/E) and the number of chicks fledged to the number 
of young hatched (F/H) were used as indices of breeding success (Caccamisc 1977). The 
Mayfield (1961, 1975) method for calculating nest success adjusts for the stage at which a 
nest is first discovered. 
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Table 1 

Nest Parameters of Prothonotary Warblers in the Upper Mississippi River 

Bottomlands 

Parameter 

1993 

1994 

No. nests 3 

22 

20 

No. eggs 

90 

73 

No. hatched 

41 

23 

Hatched/egg 

0.46 

0.32 

No. fledged 

25 

22 

Fledged/hatched 

0.61 

0.96 

No. successful nests 

10 

6 

Percent successful 

45 

30 

Mayfield estimate 0 

0.20 

0.66 


a Nests include only those found during egg incubation stage. 
b Success = fledged at least one young. 

c Success calculated using Mayfield’s (1961) correction for exposure. Estimate includes all nests (1993: N = 28; 1994: 
N = 32) found during incubation and nestling stages and represents probability of nest surviving through both stages. 


RESULTS AND DISCUSSION 

The three greatest sources of mortality for eggs and nestlings during 
this study were flooding, predation, and destruction by House Wrens 
(Troglodytes aedon). These were also the principal sources of nest mor¬ 
tality in Michigan (Walkinshaw 1938, 1953). Flooding was devastating 
in 1993 since the “hundred year” floods coincided precisely with peak 
nesting activity in mid-June. In 1993, 36% of all nests were flooded, while 
none was lost to flooding in 1994. No nests were abandoned during this 
study. Increased predation rates associated with observer nest visits are 
unlikely, since most nests were located over water, nest visits were brief, 
and a variety of non-terminal routes were used when visiting a nest. 

Of 43 nests for which monitoring began during the incubation period, 
only one was observed being destroyed by a House Wren. In this case, 
the House Wren punctured all four eggs in an unattended nest and 
dropped one into the water below the nest. It is possible, based on their 
abundance and aggressive habits, that House Wrens were responsible for 
other losses attributed to predation. 

Mean clutch size (4.31, Table 2) was smaller than that reported by Petit 
(1989, x = 4.75, N = 120), Walkinshaw (1941, x = 5.62, N = 118), or 
Blem and Blem (1992, x = 4.38, N = 266). Mean tree stub diameter at 
nest height in this study was greater (29.9 cm) than in Petit’s (1987) study 
(13.6 cm). Prothonotary Warblers use cavities excavated by other birds 
as well as naturally occurring cavities. Many nests were found in cavities 
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Table 2 

Characteristics of Prothonotary Warbler Nests 

Characteristic 

N 

X ± SD 

Mean clutch size 3 (eggs) 

36 

4.31 ± 0.79 

Nest diameter opening (cm) 



Least 


2.5 

Greatest 


9.8 

Mean 

74 

5.0 ± 1.35 

Mean nest height above ground 5 (cm) 

43 

219.4 ± 124.3 

Mean stub diameter at nest height (cm) 

76 

29.9 ± 13.7 


a Nests included are only those found during incubation. 

b Nests from 1993 were not included because all nests were found over highly fluctuating water levels. 


that had been expanded through decomposition, and these accounted for 
the larger diameter openings. 

Prothonotary Warblers glean arthropods from the ground and shrub 
layer of riparian forests. While the Prothonotary Warbler is not an obligate 
ground forager, it does use the shrub layer extensively when foraging, 
and the absence of this layer during much of the 1993 breeding season 
may have influenced foraging efficiency. 

The record-breaking floods along the Mississippi and its tributaries in 
1993 were largely responsible for the lower nest success in 1993 com¬ 
pared with 1994. Peak flood levels occurred precisely during the height 
of breeding activity for Prothonotary Warblers in June. The Mississippi 
River near Merrick State Park, Wisconsin (Fig. 1, Sites #1, #2) rose nearly 
3 m between June 16 and June 26 (U.S. Army Corps of Engineers 1993). 
Although no data were available on water levels at study sites on the 
Black River, I noted similarly dramatic rates of rise. The Prothonotary 
Warbler typically nests within 2-3 m of the water’s surface (Harrison 
1975). 

Pieman et al. (1993) found that nest predation near marshes decreased 
with increasing water depth. Unusual flood waters may have made some 
nests less accessible to predators, thus decreasing nest losses from pre¬ 
dation in 1993. The percentage of nests depredated in this study (27.6%, 
N = 28 from 1993 only) was lower than in Walkinshaw’s (1941) study 
(41%, N = 27) but higher than in Petit’s (1989) study (20.9%, N = 191). 
If nests lost to flooding are removed from the pool of nests available to 
predators, a predation frequency similar to Walkinshaw’s (1941) is gen¬ 
erated (44.4%, N = 18 from 1993 only). No attempt was made to distin¬ 
guish predation losses from other nest losses in 1994. Most of Petit’s 
nests were in artificial nest boxes with entrance holes smaller than the 
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mean of the entrance holes in this study, which may have influenced 
predation rates in that study. Such nest box-specific effects on nest success 
will depend on the material used to construct the box (e.g., cardboard vs 
wood). House Wrens were absent from Petit’s (1989) and Walkinshaw’s 
(1941) Tennessee sites while they were common on Walkinshaw’s (1941) 
Michigan sites and in this study. The presence of House Wrens may 
explain the similar predation rates for non-flooded nests in Michigan and 
Wisconsin, while the absence of House Wrens on the Tennessee sites may 
account for the lower predation rates reported by Petit (1989). 

Potential nest predators observed in this study included Common 
Grackle ( Quiscalus quisculo ), Blue Jay ( Cyanocittci cristata ), House 
Wren, Common Crow ( Corvus brcichyrhynchos ), gray squirrel ( Sciurus 
ccirolinensis), and mink ( Mustelci vison). Species known to prey on Pro- 
thonotary Warbler nests include the gray squirrel (Walkinshaw 1938) and 
mice of the genus Peromyscus (Guillory 1987). Other likely predators in 
the study area include the raccoon ( Procyon lotor ), striped skunk {Me¬ 
phitis mephitis), fox squirrel {Sciurus niger), and opossum {Didelphus 
virginianus). Although no snakes were seen in 1993, they were seen seven 
times in 1994 and have been reported as predators in other studies of 
Prothonotary Warblers (Petit 1989). Excluding the single nest destroyed 
by a House Wren, I was able to identify the predator of a nest by teeth 
marks in only three cases. Squirrels {Sciurus spp.) gnawed through the 
side of a total of three cavities in both live and dead trees. One such nest 
contained three Prothonotary Warbler eggs and five cowbird eggs and 
was located on a small island (<1 ha) isolated by approximately 200 m 
of swift and deep (>5m) floodwaters and had no dry land on it. Clearly, 
islands do not provide complete safety from tree-climbing terrestrial pred¬ 
ators. 

Nests were often placed in severely rotted trees in relatively exposed 
areas over water where they are vulnerable to damage from storms and 
wave action from boats. Of 76 nests in snags and stubs, none was lost 
due to the collapse of the tree, although two nest trees collapsed within 

one week after the warbler’s fledging. 

The incidence of cowbird parasitism was the highest yet reported (Table 
3). A comparison of regional cowbird populations indicates that Midwest 
cowbird abundance is 2.5 times greater than in the eastern U.S. and is 
increasing (Robbins et al. 1986). The bottomland forests of the upper 
Mississippi are in agricultural lands that provide foraging habitat for cow- 
birds. Petit’s (1989) Tennessee study was conducted in a riparian zone 
within a mostly forested landscape. These different land-use patterns may 
partly explain the higher parasitism rates in this study. Since Walkin- 
shaw’s (1938, 1941) studies in Michigan, cowbird populations have in- 
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Table 3 

Rates of Cowbird Parasitism of Prothonotary Warblers in the United States 


Location 


No. nests % Parasitism 


Reference 


Iowa 

70 

25.7 

Michigan 

28 

10.7 

Louisiana 

57 

12.3 

Illinois 

154 

15.6 

Tennessee 

128 

20.3 

Wisconsin 

67 

26.9 

Virginia 

998 

0.0 


Norris (1890) 
Walkinshaw (1938) 
Goertz (1977) 
Graber et al. (1983) 
Petit (1989) 

This study (1996) 
Blem, unpubl. data 


creased across the eastern U.S. This population increase could be partly 
responsible for increased parasitism rates since Walkinshaw’s time. 

Belles-Isles and Pieman (1986) noted that House Wrens poke holes in 
eggs of other species within their territories, often removing the pecked 
eggs and disturbing the nest lining. Although I observed House Wrens 
destroying only one nest, Walkinshaw (1941) reported that 25% of 413 
Michigan Prothonotary eggs and chicks were destroyed by House Wrens. 
Walkinshaw spent more time observing nesting behavior than I did during 
this study, giving him more opportunities to identify the cause of egg and 
nestling loss. 

It has long been assumed that cavity-nesting birds are limited primarily 
by the availability of nest sites (Hilden 1965, Scott 1979, Mannan et al. 
1980) and that House Wrens benefit from nest-destroying behavior by 
freeing up nest sites and perhaps decreasing foraging competition. Several 
studies have observed that Prothonotary Warblers often compete unsuc¬ 
cessfully for cavities with House Wrens (Smith and Dumont 1944, Graber 
et al. 1983). In Walkinshaw’s (1941) comparative study of Prothonotary 
Warblers nesting in Michigan and Tennessee, he attributed comparatively 
lower nesting success in Michigan to competition from and nest destruc¬ 
tion by House Wrens, a species not common on his Tennessee sites. 

In a trial nest-box study conducted in 1994, we placed 20 wooden nest 
boxes within past Prothonotary Warbler breeding habitat. House Wrens 
occupied 16 (80%) of the nest boxes, and Tree Swallows ('Tachycineta 
bicolor) nested in three (15%). No Prothonotary Warblers nested in the 
boxes. 

House Wrens were the most abundant bird species in the study sites, 
as measured by point counts conducted during the study (Flaspohler 
1994), and are common and widespread in floodplain forests throughout 
Wisconsin (Mossman 1988). I found numerous nests with missing eggs 







464 


THE WILSON BULLETIN • Vol. 108, No. 3, September 1996 


and with both disturbed and undisturbed nest linings. Because of the 
House Wren’s habit of removing nesting material from the nests that it 
destroys (Belles-Isles and Pieman 1986), and thereby disturbing the nest, 
one cannot confidently conclude that a disturbed nest implies a mam¬ 
malian predator as proposed by Best (1978) and Petit (1989). Where no 
cowbird parasitism was present, I attributed the disappearance of eggs 
and nestlings to predation. Where House Wrens are abundant, this method 
may tend to overestimate predation rates and underestimate House Wren 
nest destruction rates. 


ACKNOWLEDGMENTS 

I thank K. Goffin, S. Matteson, D. Hinebaugh, and V. Patton, for field assistance, and S. 
Temple, P. Arcese, M. Mossman, and D. Sample for helpful comments. Constructive reviews 
were provided by C. Blem, L. Petit, and an anonymous reviewer. I am grateful for a variety 
of logistical and material assistance provided by G. Evland of the Wisconsin Dept, of Natural 
Resources and E. Nelson and S. Lewis of the U.S. Fish and Wildlife Service. C. VanderVeen 
provided essential research support during 1993. This research was supported by the Wis¬ 
consin Endangered Resources Cahill Gift Fund, the U.S. Fish and Wildlife Service, and the 
Max McGraw Wildlife Foundation. 

LITERATURE CITED 

Barnes, B. 1991. Tree populations on the islands of the lower Chippewa River in Wiscon¬ 
sin Bull, of the Torrey Bot. Club. 118:424-431. 

Belles-Isles, J. C. and J. Picman. 1986. House Wren nest-destroying behavior. Condor 

88:190-193. . , , , os*o oo 

Best, L. B. 1978. Field Sparrow reproductive success and nesting ecology. Au 

Blem, C. R. and L. B. Blem. 1991. Nest box selection by Prothonotary Warblers. J. Field 

Ornithol. 62:299—307. . , 

_ and _. 1992. Prothonotary Warblers nesting in nest boxes: clutch size and 

timing in Virginia. Raven 63:15-20. . . 

CaCCAMISE, D. F. 1977. Breeding success and nest site characteristics of the Red-winged 

Blackbird. Wilson Bull. 89:396-403. 

Emlen, J. T„ M. J. DeJong, M. J. Jaeger, T. C. Moermond, K. A. Rusterholtz, and R. P. 
White. 1986. Density trends and range boundary constraints of forest birds along a 
latitudinal gradient. Auk 103:791-803. 

Flaspohler, D. J. 1994. Report on point-counts of breeding birds in the upper Mississippi 
River during the spring and summer of 1993. Wisconsin Dept, of Natural Resources. 

Madison, Wisconsin. . 

Fredrickson L H 1979. Floral and faunal changes in lowland hardwood forests resulting 

from channelization, drainage, and impoundment. U.S. Dept. Interior, FWS/OBS-78/9I. 
Goertz, J. W. 1977. Additional records of Brown-headed Cowbird nest parasitism in Lou- 

isiana. Auk:386-389. 

GRABER. J. w„ R. R. Graber, and E. L. Kirk. 1983. Illinois birds: wood warblers. Illinois 

Natural History Survey, Biol. Note 118. 

Guillory, H. D. 1987. Cavity competition and suspected predation on prothonotary war¬ 
blers by Peromyscits spp. J. Field Ornithol. 58:425-427. 

Harris, L. D„ R. Sullivan, and L. Badger. 1984. Bottomland hardwoods: valuable, van- 




Flcispohler • NESTING OF PROTHONOTARY WARBLERS 


465 


ishing, vulnerable. Univ. of Florida School of Forest Resources and Conservation tech¬ 
nical report. Tallahassee, Florida. 

Harrison, H. H. 1975. A field guide to bird’s nests. Houghton Mifflin, Boston, Massachu¬ 
setts. 

Hilden, O. 1965. Habitat selection in birds. Ann. Zool. Fenn. 2:53-75. 

James, F. C., D. A. Wiedenfeld, and C. E. McCulloch. 1991. Trends in breeding popu¬ 
lations of warblers: declines in the southern highlands and increases in the lowlands. 
Pp- 43—56 in Ecology and conservation of neotropical migrant landbirds, (J. M. Hagan 
III and D. W. Johnston, eds.). Smithsonian Inst. Press, Washington D.C. 

Mannan, R. W, E. C. Meslow, and H. M. Wright. 1980. Use of snags by birds in 
Douglas-fir forest. J. Wildl. Manage. 44:787-797. 

Mayfield, H. F. 1961. Nesting success calculated from exposure. Wilson Bull 73'255- 
261. 

-. 1975. Suggestions for calculating nest success. Wilson Bull. 87:456-466. 

Mertens, J. A. L. 1977. Thermal conditions for successful breeding in Great Tits. II. 
Thermal properties of nests and nest-boxes and their implications for the range of 
temperature tolerance of Great Tit broods. Oeologia 28:31-56. 

Moller, A. P. 1989. Parasites, predators and nest boxes: facts and artifacts in nest box 
studies of birds? Oikos 56:421-423. 

Mossman, M. J. 1988. Birds of southern Wisconsin floodplain forests. Passenger Pigeon 
50:321-337. 

Nilsson, S. G. 1984. The evolution of nest-site selection among hole-nesting birds: the 
importance of nest predation and competition. Ornis Scand. 15:167-175. 

. 1986. Evolution of hole nesting in birds: on balancing selection pressures Auk 
103:432-435. 

Norris, J. P. 1890. A series of eggs of the Prothonotary Warbler. Ornithologist and Oologist 
Vol. 15, No. 12:177-182. 

Olsen, K. N. and M. P. Meyer. 1976. Vegetation, land, and water surface changes in the 
upper navigable portion of the Mississippi River basin over the period 1939-1973. 
Univ. of Minnesota, Inst, of Ag„ Forestry, and Home Econ., Remote Sensing Lab. 
Research Rep. 76-4. St. Paul, Minnesota. 

Petit, L. J. 1986. Factors affecting the reproductive success of Prothonotary Warblers 
{Protonolaria citrea) nesting in riverine habitat. M.S. thesis. Bowling Green State Univ. 

. 1987. Nest-box use by Prothonotary Warblers ( Protonotorici citrea) in riverine 
habitat. Wilson Bull. 99:485-488. 

. 1989. Breeding biology of Prothonotary Warblers ( Protonotaria citrea) in riverine 
habitat in Tennessee. Wilson Bull., 101:51-61. 

Picman, J., M. L. Milks, and M. Leptich. 1993. Patterns of predation on passerine nests 
in marshes: effects of water depth and distance from edge. Auk 110:89-94. 

Robbins, C. S. 1979. Effect of forest fragmentation on bird populations. Pp. 198-212 in 
Management of North Central and Northeastern forests for nongame birds (R. M. 
DeGraaf and K. E. Evans, eds.) Gen. Tech. Rep. NC-51, U.S. Forest Service, St. Paul, 
Minnesota. 

, D. Bystrak, and P. H. Geissler. 1986. The breeding bird survey; its first fifteen 
years, 1965-1979. U.S. Fish and Wildlife Service Resource Publ. 157. 

Scott, V. E. 1979. Bird responses to snag removal in ponderosa pine. J. Forestry 77'26- 
28. 

Skutch, A. F. 1989. Birds of Costa Rica. Cornell Univ. Press, Ithaca, New York. 

Smith, E. T. and P. A. Dumont. 1944. Middle-western region. Audubon Mag. 47:104-106. 
(Supplement) 







466 


THE WILSON BULLETIN • Vol. 108, No. 3, September 1996 


Terborgh, J. 1989. Where have all the birds gone? Princeton Univ. Press, Princeton, New 
J ersey. 

United States Army Corps of Engineers. 1993. Mississippi River data. St. Paul, Mm- 

neSOta - . , _ , - n 
Walkinshaw, L. H. 1938. Nesting studies of the Prothonotary Warbler, Bird-Banding 9: 

- t 1939 . Additional information on the Prothonotary Warbler. Jack-Pine Warbler 17. 

64-71. m . 

_ 1941. The Prothonotary Warbler, a comparison of nesting conditions in Tennessee 

and Michigan. Wilson Bull. 53:3-21. 

_ 1953. Life-history of the Prothonotary Warbler. Wilson Bull. 65:152-168. 





